The hardness, compressive yield strength and electrical conductivity of CuCrNiAl alloy before and after 4 GPa pressure treatment were measured, and the microstructure of the CuCrNiAl alloy before and after 4 GPa pressure treatment were analyzed by metallurgical microscope, transmission electron microscopy and scanning electron microscope. Based on the experimental results, the effects of 4 GPa pressure heat treatment on the mechanical properties and electrical conductivity of CuCrNiAl alloy were discussed. The results showed that 4 GPa pressure treatment can increase the hardness and compressive yield strength of the CuCrNiAl alloy, and reduce its electrical conductivity. After 4 GPa pressure treatment and aged at 500°C for 1 h, higher mechanical properties and electrical conductivity of CuCrNiAl alloy could be obtained.
Introduction
The CuCr alloy has higher compressive strength, good electrical conductivity and resistance to surface welding. It is good material of resistance welding electrode and vacuum switch contact etc. 13) With the development of large capacity vacuum switch, the higher comprehensive performance has been put forward for CuCr alloy. Therefore, it is very important practical significance to study the properties of CuCr alloy.
At present, methods to improve the properties of CuCr alloy include adding alloy element, heat treatment and deformation heat treatment. 46) Methods of preparing are sintering, smelting in vacuum, infiltration process, Consumable-electrodes, hot isostatic pressing and rapidly solidification etc.
79) The infiltration process is the method that used often in the preparation of CuCr alloy, but the compactness of CuCr alloy prepared with the method is poorer and affects alloy performance. 10) According to the reports in the literature, high pressure treatment can increase the compactness of the metal material and improve the microstructure and properties of metal materials.
1113) But the reports on the improvement in properties of CuCr alloy are less based on the high pressure treatment. Because Ni can promote Cu and Cr miscible, Ni can enhance CuCr alloy integral performance, and Al has deoxidation and grain refinement. Accordingly, the 4 GPa pressure treatment on mechanical properties and electrical conductivity of CuCrNiAl alloy by melt infiltration are discussed in the paper, which provides a new way for improving the comprehensive performance of CuCr alloy.
Experiment
The tested material is CuCrNiAl alloy bar material which is prepared by vacuum infiltration method, its chemical composition is, 50.54% Cu, 47.48% Cr, 1.34% Al and 0.42% Ni, the other 0.22% (mass fraction, %). Firstly, the samples with¯10 mm © 12 mm of CuCrNiAl alloy bar material is sealed in graphite sleeve, and then the graphite sleeve is put into molding pyrophillite. Heat treatment was done on CS-IB type six-anvil high-pressure equipment under high pressure which is 4 GPa, with pyrophillite as the medium to transfer pressure, heating with electrical resistance. After heating at 930°C and lasting for 30 min, shutting off power and cooling to room temperature on holding up pressure, the circulating water flux of cooling pressure head is about 1.0 L/min. Secondly, aging treatment is done in the KL-12D box type electric resistance furnace for the samples before and after the 4 GPa pressure treatment, which is carried in different temperature for one hour. HB-3000B Brinell hardness tester and WDW3100 electronic universal testing machine are used to test hardness and compressive strength of the samples before and after pressure treatment, electrical conductivity are measured by WD-Z eddy current conductivity meter. Finally, with the help of Axiovert200MAT metallographic microscope, scanning electron microscope (S-3400N SEM-BSE) and Jeol-2010 transmission electron microscope (TEM), sample's microstructure are observed. Figure 1 shows the microstructure of the CuCrNiAl alloy before and after 4 GPa pressure treatment. As can be seen, the two state of the CuCrNiAl alloy microstructure are similar. They are composed of Cu matrix and granular Cr phases, only Cr grain of CuCrNiAl alloy after 4 GPa pressure treatment changed into round shape. Backscatter electron image by SEM is seen as Fig. 2 , micro holes of CuCrNiAl alloy in matrix after 4 GPa pressure treatment, the size of the hole is obviously reduced, and the matrix compactness increases. According to the observation of TEM (see Fig. 3 ), the number of dislocations increase obviously in the CuCrNiAl alloy treated by 4 GPa pressure treatment. It is the high pressure that generate high strain in CuCrNiAl alloy internally and induce distortion of lattice, which lead to the number of dislocations increment, but also can make alloy internal micropores bridge, resulting in reduction for the number of microscopic holes and increment for alloy compactness. Figure 4 shows the change of hardness varying from aging temperature when the CuCrNiAl alloy is treated before and after 4 GPa pressure. As can be seen, 4 GPa pressure treatment can increase the hardness of CuCrNiAl alloy, comparing with two state of the alloy after aging at different temperatures for 1 h, hardness of sample after 4 GPa pressure treatment is higher than that of the original state, and the hardness for both are peak when aging at 500°C. As shown in Fig. 5 , the change trend of compressive stressstrain curve are similar when CuCrNiAl alloy was treated before and after 4 GPa pressure. In contrast, compression stress of CuCrNiAl alloy after 4 GPa pressure treatment is larger, the effect is more obvious when 4 GPa pressure treatment followed by heat treatment at 500°C for 1 h. Table 1 shows the hardness and compressive yield strength test results when CuCrNiAl alloy was treated before and after Y. Ma4 GPa pressure. As Table 1 shown, after 4 GPa pressure treatment followed by 500°C for 1 h aging treatment, the hardness and compressive yield strength values of CuCrNiAl alloy respectively are 134 HB and 263.56 MPa, increased 8.07 and 24.47% than that of untreatment. Figure 6 shows the electrical conductivity of CuCrNiAl alloy before and after 4 GPa pressure treatment which is at different temperatures after aging for 1 h. As can be seen, electrical conductivity of alloy after 4 GPa pressure treatment is only 12.11 MS·m ¹1 , obviously smaller than that of the original state (13.21 MS·m ¹1 ). With aging temperature increasing, electrical conductivity for both two state alloy are increased, when the aging temperature is above a certain temperature, electrical conductivity of alloy after 4 GPa pressure treatment is higher than that of the original state, and the two state of the alloy can achieve conductivity peak at aging temperature 500°C. Electrical conductivity of alloy after 4 GPa pressure treatment is 17.56 MS·m ¹1 , it increase by 32.93 and 8.13% respectively than that of the original state and the original state after aging at temperature 500°C. It shows that the 4 GPa pressure treatment can decrease the electrical conductivity of CuCrNiAl alloy, but 4 GPa pressure treatment followed by the appropriate aging temperature treatment; it can obtain higher electrical conductivity.
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Discussion
The above experimental results show that, 4 GPa pressure treatment can improve the mechanical properties and electrical properties of CuCrNiAl alloy. After 4 GPa pressure treatment followed by the appropriate aging temperature treatment, the effect is more significant. It is because the 4 GPa pressure did not change the microstructure characteristic of CuCrNiAl alloy, but it can reduce the microscopic porosity in the materials, and increase compactness of the alloy. At the same time it can cause CuCrNiAl alloy lattice of distorting, and can improve internal dislocation density, effectively increase compressive deformation, so the hardness and compressive yield strength of CuCrNiAl alloy after 4 GPa pressure treatment increase. The following aging treatment can decrease the density of dislocation, and precipitate small phases dispersed in the alloy matrix (see Fig. 7 ) that are dispersion strengthening effect, which causes hardness and yield strength of the alloy increase further.
In addition, as can be seen in Fig. 7 , compared with the alloy only after aging, small precipitated phase is smaller and much more in quantity and the dispersion strengthening effect is more obvious for the alloy after 4 GPa pressure treatment and aging. The hardness and compressive yield strength for alloy after 4 GPa pressure treatment and aging is higher than the alloy only treated with aging.
As far as electrical conductivity is concerned, usually defects quality such as solid solution atom, distortion and dislocation are more in the alloy microstructure, the electron scattering effect is bigger, then the electrical conductivity is lower.
14) The 4 GPa pressure treatment can increase internal distortion and dislocation density in CuCrNiAl alloy, and increase electron scattering effect, so the 4 GPa pressure treatment for CuCrNiAl alloy can make its electrical conductivity decreased. In the following aging, alloy internal distortion and dislocation can be eliminated, dispersion small phases precipitate, which make the number of solute atoms of solution matrix decrease. Furthermore, 4 GPa pressure treatment can reduce material internal micro porosity, which will greatly reduce the free electron scattering probability. Therefore, alloys electrical conductivity increased after aging temperature treatment, and the conductivity for the alloy after both 4 GPa pressure treatment and aging is higher than the alloy with only aging. Much more precipitated phase formed after 500°C aging for 1 h, and Fig. 6 Relationship between electrical conductivity of CuCrNiAl alloy and aging temperature at different conditions (aging for 2 h).
Effects of 4 GPa Pressure Heat Treatment on Mechanical Properties and Electrical Conductivity of CuCrNiAl Alloydistortion and dislocation in the alloy is eliminated and dispersion strength is more obvious, and the electron scattering effect is significantly decreased. Therefore, the higher hardness, compressive yield strength, and conductivity can be gained in the alloy after 500°C aging. With the further increase in the aging temperature, the precipitate phase will assemble to grow bigger, and some precipitate phase can dissolve into matrix, then resulting decrease in the dispersion strengthening effect and in electron scattering effect, and then decrease in the hardness, compressive yield strength and conductivity.
Conclusions
(1) The 4 GPa pressure treatment can reduce microscopic porosity of CuCrNiAl alloy, and improve its compactness and increase internal dislocation density.
(2) The 4 GPa pressure treatment can increase the hardness and compressive strength of CuCrNiAl alloy, and reduce its electrical conductivity, when 4 GPa pressure treatment followed by aging temperature treatment, the alloy mechanical properties and electric conductivity can be improved.
(3) For the CuCrNiAl alloy of 4 GPa pressure treatment followed by heat treatment at 500°C for 1 h, higher hardness, compressive yield strength, and electrical conductivity can be obtained. 
